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FOREWORD 


This  report  is  a  description  of  an  investigation  conducted  by  the  Hughes 
Aircraft  Company,  Radar  Systems  Group,  El  Segundo,  CA,  to  test  toe  use  of 
pattern  recognition  techniques  for  determining  the  target  view  in  ISAR  im^ages 
of  aircraft  targets.  Top  and  side  view  images  of  aircraft  targets  were  used 
to  test  the  techniques  developed  during  this  study.  The  tests  included  auto¬ 
matic  view  determination  followed  by  classification  using  the  method  of 
moments. 

The  investigation  was  performed  by  the  Signal  Exploitation  Programs 
Office  of  Hughes  Radar  Systems  Group,  for  the  Office  of  Naval  Research, 
Arlington,  VA,  under  Contract  N00014-80-C -0940. 

Dr.  George  A.  loannidls  served  as  the  Hughes  project  manager. 
Commander  Roger  Nichols  was  the  program  manager  for  the  Office  of  Naval 
Research,  Arlington,  VA, 

This  final  report  is  submitted  in  accordance  with  the  data  require¬ 
ments  of  Exhibit  A,  dated  25  September  1980,  Sequence  A002  of  the  Contract 
Data  Requirements  List  1423. 

The  authors  acknowledge  the  support  and  contributions  of  Messrs. 
James  Crosby,  Manager,  and  Calvin  Boerman,  Assistant  Manager  of 
Signal  Exploitation  Programs  at  Hughes. 


1.0  INTRODUCTION  AND  SUMMARY 


This  report  contains  the  results  of  an  ONR  sponsored  study  by  the 
Hughes  Aircraft  Company  to  determine  the  target  view  (top  or  side)  pre¬ 
sented  by  ISAR  radar  images  of  aircraft  targets.  The  knowledge  of  target 
view  is  then  utilized  by  algorithms  for  automatic  target  recognition,  using 
the  Method  of  Moments. 

The  aircraft  radar  images  used  in  this  investigation  were  generated 
by  the  application  of  the  ISAR  technique  to  turntable  radar  data  and  also 
data  obtained  from  flying  aircraft  targets.  The  turntable  data  had  been 
obtained  at  the  RATSCAT  facility  under  the  AFAL  E-3A  Non-Cooperative 
Data  Collection  program  and  consist  of  X-band  measurements  against 
1/3  scale  models  of  an  F -102,  an  F -5E,  an  A-10,  an  F -15  and  a  YF -16. 

The  stepped  frequency  technique  was  used  to  collect  the  data; 

256  3.4  MHz  frequency  steps  were  used  to  synthesize  an  870.4  MHz  band¬ 
width.  For  the  full  scale  targets,  these  measurements  correspond  to  S-band 
data  at  256  MHz  bandwidth.  The  targets  were  placed  on  a  rotary  platform 
that  rotated  at  0.  2  degree  Increments  between  adjacent  bursts  of  the  256 
frequency  steps.  Plan  view  Images  were  obtained  by  positioning  the  target 
horizontally  on  the  platform.  Profiles  were  obtained  by  positioning  the 
target  vertically  (the  wings  extending,  along  the  normal  to  the  platform). 

In  addition  to  the  RATSCAT  data,  measurements  on  a  flying  DC-10,  a  727, 
a  707  and  an  A-3  were  used  to  form  radar  Images.  These  data  were  obtained 
by  an  S-band  radar  operated  by  the  Naval  Ocean  Systems  Center  (NOSC)  in 
San  Diego.  By  stepping  the  transmitter  frequency  pulse-to-pulse  at  1.08 
MHz  increments  over  256  pulses,  this  radar  has  an  effective  bandwidth  of 
276.  5  MHz. 

The  aspects,  resolutions  and  view  of  the  images  formed  using  the 
above  data  are  given  in  Table  1.  Examples  of  the  best  images  from  the  above 
targets  are  shown  in  Figures  1  through  10. 

During  the  study,  algorithms  (using  structural,  syntactic  and  statis¬ 
tical  pattern  recognition  techniques)  to  determine  the  target  view  in  ISAR 
images  of  aircraft  were  investigated.  All  the  techniques  were  based  on  a 
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TABLE  1.  RADAR  IMAGES  OF  AIRCRAFT  TARGETS 
GENERATED  FOR  THIS  STUDY 


Data 

View 

Number  of 
Images  per 
Target 

Aspects 

Resolution, 

meters 

RAT  SC  AT* 

Plan 

12 

0.  8-7°,  3.  8-10°,  6.  8- 
13°,  .  .  .  33.8-40° 

0.  6 

RATSCAT 

Plan 

12 

140.  8-147°,  143.  8- 
150°,  .  .  .  173.  8-180° 

0.  6 

RATSCAT 

Profile 

6 

-180.  0  to  173.  8°,  -177 
to  -170.  8  ,  .  .  .  -165 
to  -158.  8^ 

0.  6 

RATSCAT 

Profile 

12 

-21  to  -14.  8°,  -18  to 
-11.  8,  ...  12  to 

16. 1 

0.  6 

RATSCAT 

Profile 

6 

158.8-165°,  .  .  161.8- 
168°,  .  .  173.  8  to 

180.0° 

0.  6 

NOSC  (DC-10) 

Plan 

10 

Broadside 

0.  6 

NOSC  (DC-10) 

Profile 

9 

Nose 

0.  6 

NOSC  (707) 

Plan 

12 

Broadside 

0.  6 

NOSC  (7  07) 

Profile 

6 

Nose 

0.  6 

NOSC  (727) 

Plan 

15 

Broadside 

0.  6 

NOSC  (7  27) 

Profile 

3 

Nose 

0.  6 

NOSC  (A3) 

Plan 

12 

Broadside 

0.  6 

NOSC  (A3) 

Profile 

8 

Nose 

0,  6 

*RATSCAT  Targets:  F 

■102,  F-5E,  I 

■'-15,  YF-16,  A-10 
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Figure  3.  Profites  of  RATSCAT  targets 


Figures.  Plan  viaws  of  a  DC-10 


doi  loi  I  J 


FiiuraaPrafitsaf  707 


■XT 


Figure  IQ.  Top  views  ano  profiles  of  A3. 


segmentation  of  the  radar  images  using  clustering.  Since  most  radar  images 
of  aircraft  targets  consist  cf  a  collection  of  bright  spots  that  correspond  to 
strong  scattering  cent<-rs  surrounded  by  1on\'  intensity  regions,  clustering 
tends  to  identify  the  location  of  the  major  scatterers. 

In  the  syntactic  schemes  h^A'estlgated,  the  cluster  decomposition  of 
radar  images  was  used  to  construct  a  tree  graph  structure  with  clusters  as 
nodes.  These  connected  graphs  or  trees  then  were  translated  into  strings  of 
symbols  that  characterized  the  relative  direction  of  a  branch  at  a  given 
node  as  described  in  detail  in  Section  4.0.  An  effort  was  made  to  identify 
the  occurrence  of  symbols  or  symbol  groupings  that  were  characteristic  of 
a  view.  For  example,  for  a  cross-like  tree  structure  the  symbol  D  was 
assigned  to  the  node  at  the  center  of  the  cross.  At  the  start  of  the  investi¬ 
gation,  it  was  thought  that  top  views  would  result  in  such  structures  because 
of  the  wing  extent.  However,  the  profiles  obtained  using  the  RATSCAT  data 
were  often  of  very  poor  quality,  and  cross  range  sldelobes  often  produced 
a  wing-like  horizontal  extent  of  the  target  similar  to  that  observed  on  top 
views.  Also  as  a  result  of  the  sldelobes,  a  horizontal  branch  at  the  location 
of  the  vertical  stabilizer  was  often  present  Ir  both  top  and  side  views.  Since 
no  unique  distinguishing  feature  was  identified  when  the  RATSCAT  targets 
were  used,  probabilities  were  assigned  as  to  the  occurrence  of  symbols  and 
groups  of  symbols  for  each  view.  The  relative  position  of  symbols  and  the 
probability  for  a  given  grouping  were  described  by  a  set  of  rules  similar  to 
the  grammatical  rules  that  describe  the  relative  position  of  words  In  a 
sentence.  Then  a  syntactic  analysis  was  used  to  decide  whether  a  given  string 
of  symbols  satisfied  the  rules  of  the  top  or  side  view  grammar.  Since  both 
grammars  contained  the  same  rules  but  with  different  probabilities  assigned 
to  their  use,  the  syntactic  analysis  of  the  string  resulted  in  a  probability 
estimate  for  the  class  membership  of  the  string.  Then  strings  were  classi¬ 
fied  according  to  the  class  with  the  highest  probability.  The  best  view  deter¬ 
mination  results  obtained  with  this  technique  were  75  percent  correct.  Using 
a  similar  technique  on  a  few  Images  of  the  DC -10,  7  27  and  707  from  the  NOSC 
data  set,  an  89  percent  success  rate  was  obtained. 

During  the  investigation  of  syntactic  cle MslflciAtlon  schemes,  an  effort 
was  made  to  identify  parts  of  the  image  that  tend  to  recur  in  one  view  or  the 
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other.  As  a  result  of  this  effort,  a  cechnique  that  uses  recurring  regions  of 
the  image  was  developed.  In  this  technique,  top  and  side  view  composite 
images  are  formed  from  top  and  side  views  of  similar  targets  in  the  training 
set.  Then  a  distance  measure  is  defined  between  an  image  and  the  composite. 
With  this  measure,  images  are  classified  by  a  nearest  neighbor  decision  rule 
as  top  or  side  views.  Tests  using  the  RATCAT  targets  indicated  that  a  90  per¬ 
cent  success  rate  could  be  achieved  with  this  approach,  which  is  described 
in  Section  5. 

A  rule  based  structural  approach  to  view  determination  was  flso 
Investigated,  and  algorithms  were  developed  to  simulate  a  simple  human¬ 
like  interpretation  of  a  radar  image.  This  technique  was  tested  using  images 
of  a  OC-  10,  a  727  and  a  707  from  the  NOSC  radar  data,  A  total  of  54  images, 
37  top  views  and  17  side  viuws,  were  used  to  test  the  algorithm.  The  classi¬ 
fier  gave  the  correct  ansv/or  in  53  out  of  54  c^ses;  one  side  view  rf  the 
DC -10  was  classified  as  ambiguous. 

Using  the  geometric  moments  (computed  after  cluster  decomposition 
of  the  image),  a  Gaussian  classifier  was  used  to  determine  the  view  and 
classify  the  targets.  The  view  determination  performance  of  this  statistical 
pattern  recognition  scheme  applied  to  the  RATSCAT  targets  was  78  percent 
correct  for  tall  aspects  and  85  percent  correct  for  nose  aspects.  Target 
classification  combined  with  view  determination  gave  71  percent  correct 
classification  for  nose  aspects  and  80  percent  correct  for  tail  aspects  for 
images  classified  as  top  views.  For  images  classified  as  profiles,  the 
corresponding  results  were  57  and  60  percent.  A  test  was  also  performed 
to  test  classification  without  view  determination  using  the  RATSCAT 
targets.  Classification  was  performed  for  a  lO-class  problem:  F-  102  top 
and  side,  F-15  top  and  side,  F -16  top  and  side,  F-5E  top  and  side,  A-lOtop 
and  side.  The  results  were  44  percent  correct  for  nose  aspects  and  38  per¬ 
cent  correct  for  tall  aspects. 

These  results  indicate  that  for  the  RATSCAT  targets,  some  common 
features  do  exist  among  the  top  views  of  all  the  targets  that  are  different  from 
similar  features  for  side  views.  In  general,  the  results  of  this  investigation 
show  that  if  the  quality  of  radar  Imi.ges  is  good,  view  determination  is  possi¬ 
ble  and  tends  to  improve  classification. 
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Section  Z  contains  a  summary  of  radar  image  classification  using  the 
method  of  moments.  Hadar  image  segmentation  using  clustering  is  discussed 
in  Section  3.  A  syntactic  approach  to  view  determination  is  described  in 
Section  4.  Section  5  presents  a  view  determination  scheme  using  pattern 
m.atching.  Soction  6  is  a  discussiun  of  a  structural  approach  to  view  determi¬ 
nation.  Section  7  contains  the  statistical  approach  to  view  determination  and 
classification  using  moments.  Conclusions  are  given  in  Section  8. 
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Z.O  RADAR  IMAGE  CLASSIFICATIOll  USING 
THE  METHOD  OF  MOMENTS 

One  of  the  more  difficult  problems  in  the  design  of  a  recognition 
system  for  pictorial  patterns  is  the  selection  of  a  set  of  appropriate  numeri¬ 
cal  attributes  or  features  to  be  extracted  from  the  object  of  interest  for  clas¬ 
sification,  Tlie  set  of  geometric  moments  of  the  image  and  invariant  functions 
of  these  moments  has  been  applied  successfully  to  the  recognition  of  optical 
pictures.  [1]  ,  [2]  ,  [3]  The  geometric  moments  and  invariant  moment  func¬ 
tions  and  their  use  in  classifying  radar  images  of  targets  are  detailed  in  this 
section. 

2.  1  GEOMETRIC  MOMENTS  AND  INVARIANT  MOMENT  FUNCTIONS  OF 
IMAGES 

The  non  central  (p  +  q)th  order  moments  of  an  NxM  rectangular  image 
field  f(x^,  yj)  are  defined  by 

N  M 

"pq  =  Trfri  I  I  "’‘i- 

i=l  j=l 

where  (x^,  y^)  are  the  coordinates  of  the  (i,  j)  cell  and  f(x^,  y^)  is  the  intensity 
function. 

Th  !  centriil  moments  for  the  same  rectangular  image  field  are  defined 
by 


pq 


N 


M 

^  f(Xj,  y^)  (x.  -x)P  (y^  -y)'* 
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where: 
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and 


(4) 


The  ncrmalized  central  moments  are  defined  by 

m 

P<^ 

''pq  " 

and  are  invariant  with  respect  to  changes  in  the  image  intensity.  Central 
moments  as  used  in  this  discussion  are  the  normalized  centra!  moments 
defined  above. 

From  Equation  (2),  the  central  moments  are  invariant  under  transla¬ 
tion  but  vary  under  rotations  of  the  image.  Using  the  theory  of  algebraic 
invariants,  Hu  [21  has  shown  that  algebraic  relations  exist  among  the  centra) 
moments  of  an  image  that  are  invariant  under  translation  and  rotation. 

These  invariant  moment  functiens  are  of  the  form 


P  (m  , 

piqi 


m  , 

P2q2 


""p  q  ^ 

rn^n 


and  are  invariant  under  coordinate  transformations.  In  particular,  a  set  of 
invariants  known  as  orthogonal  invariants  are  functions  whose  value  does  not 
change  under  a  rotation  of  coordinates,  i.e.  ,  they  are  invariant  with  respect 
to  the  orthogonal  transformation 


x' 

y' 


'cosB  sin0 


k-sin6  cosB 


(5) 


for  any  angle  6,  i.e.  , 


(m'  ,  m '  ,  . . .  m '  )  = 

Pl^l  P2‘52  Pn^n 


(m  ,  .  .  .  m  ) 

Pl'Jl  Pn% 
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where  the  m  are  compxited  using  the  image  inteniity  field  f(x,  y)  and  the 
Pi^i 

”^P'q’  computed  from  f(x',  y').  When  these  functions  are  Invariant  under 
rotations  and/or  reflections  ab  at  one  of  the  coordinate  axefc ,  they  are  called 
absolute  orthogonal  invariants.  In  this  dicusslon  'invariants'  are  thnse 
absolute  orthogonal  invariants. 

Using  the  theory  of  algebraic  invariants «  Hu  [2]  has  shown  that  the 
number  of  invariants  involving  moments  from  se:ond  to  nth  order  (n  «  p  +  q) 
are  the  same  as  the  number  of  rr.onients  with  ordirs  2  to  n,  which  is 

_  (n  t  4)  (n  -  1) 


In  optical  and  infrared  image  recognition  systems,  only  invariant  functions 
obtained  from  the  second  and  third  order  moments  are  usually  used.  For 
these  moments,  the  jIx  absolute  orthogonal  invariants  arc  given  by 
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and  one  skew  orthogonal  invariant  is  given  by 


'^o  ■  12[*^^2r^03''^30‘^  ‘^*•‘^21*^03'  1 


30’^^  ’i^^03^ 30"^^  12^  ■  ^'^21^'^03^ 


(12) 


Above  pj,  p^,  ....  have  been  normalized  by  powers  of  r  to  remove  the 
effect  of  uniform  scale  changes.  Because  the  quality  of  most  radar  images 
is  not  good  compared  to  optical  or  FLIR  images,  the  number  of  moments 
and  invariants  used  in  the  classification  of  radar  images  [4]  la  much  larger 
than  six.  In  particular,  all  invariant  functions  involving  central  moments 
up  to  order  n  =  7  (i.  e.  ,  a  total  of  33)  were  used  in  radar  image  classifica- 
tion  tests  performed  in  our  earlier  work  in  this  area  [4].  In  these  classifica¬ 
tion  tests,  all  the  above  invariants  as  well  as  smaller  subsets  of  these 
invariants  were  used  to  construct  feature  vectors.  Classification  results 
from  these  tests  [4]  are  presented  in  Figure  11. 

2.2  COMPUTATION  OF  TARGET  ASPECT  USING  THE  GEOMETRIC 
MOMENTS 

If  the  rotationally  invariant  moment  functions  are  used  as  features 
for  classification,  the  target  orientatio.n  in  the  image  plane  does  not  have  to 
be  computed.  However,  if  that  orientation  is  desired  so  that  other  recogni¬ 
tion  techniques,  which  need  that  information,  can  also  be  applied,  the  central 
moments  can  be  used  to  give  tlie  target  orientation  as  t'hown  in  Figure  12. 
Figure  12  also  shows  that  ^f  an  ellipse  is  fit  to  the  aircraft  image,  the  orienta¬ 
tion  of  the  major  axis,  which  usually  coincides  with  the  fuselage,  can  be 
obtained  from  (see  Hu  [3]) 
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Figure  1 2.  Computation  of  fuselage  orientation  by  fitting  ellipse  to  target  image. 
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^^20  ’  *^02^  ' 


(13) 


where  6  is  the  angle  of  this  axis  with  the  horizontal  (x-axis). 

In  the  previous  Hughes  study  [4]  the  performance  of  the  above  formula 
in  ek^timaling  the  target  aspect  angle  was  tested  by  using  the  images  of  the 
five  RATSCAT  targets.  The  results  are  presented  in  Figure  13  in  the  form 
of  a  histograiiti  that  plots  frequency  of  occurrence  versus  error  in  orientation 
angle  estimate.  A  total  of  36  images  per  target  covering  aspect  angles  from 
0  degrees  (nose  on)  to  180  degrees  (tail)  were  used  in  constructing  the  plot 
in  Figure  1  3. 
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3.0  RADAR  IMAGr  SEGMENTATION  USING  CLUSTERING 

Radar  images  of  aircraft  targets  gen-rsTii/  consist  of  a  collection  of 
bright  spots  surrounded  by  low  intensity  regions.  The  poblt^nng  of  these  spots 
coi  respond  to  the  locations  of  strong  scatterers  on  the  target.  Thu*.  '  decom¬ 
position  of  radar  images  into  segments  consisting  of  groups  of  neighboring 
bright  spots  can  be  used  to  identify  the  major  radar  scatterers  on  an  aircraft 
target.  Such  a  decomposition  can  be  obtained  using  the  ISODATA  clustering 
scheme  developed  by  Ball  and  Hall  [5,  6],  In  outline  form  the  essential  steps 
of  the  algorithm  are 

1.  Select  initial  center  estimates. 

2.  Assign  every  sample  to  the  cluster  whose  center  is  closest,  using 
the  current  estimates  of  the  centers.  *'* 

3.  Compute  new  centers  for  each  cluster  and  compute  the  ''within- 
group  variability''  (1.  e.  ,  the  sum  of  the  covariances  of  each  com¬ 
ponent  of  the  sample  vectors  for  that  group). 

4.  Split  the  average  center  of  each  group  found  in  Step  (2)  into  two 
centers  if  the  withln-group  variability  exceeds  a  threshold  6^, 
which  is  set  by  the  operator.  The  group  is  split  by  forming 'Two 
new  cluster  centers  from  the  original,  The  new  centers  are 
identical  to  the  original,  except  for  that  component  having  highest 
variability,  which  is  given  the  values  x  +  A  and  x  -  where  x  ia 
the  mean  value  for  that  component  and  A  is  some  offset  typically 
A  s  O'.  This  results  in  the  "birth"  of  a  new  cluster. 

5.  Regroup  the  samples  using  the  new  cluster  points,  and  then  again 
find  the  cluster  centers  for  each  group. 

6.  Compute  inter-class  distances  between  all  pairs  of  cluster  centers. 

7.  Combine  groups  whose  distances  apart  are  less  than  a  threshold 
®c‘ 

8.  Iterate  the  procedure  until  no  changes  occur. 

As  seen  from  this  brief  d«  scription  the  ISODATA  algorithm  is  a  merg¬ 
ing  and  splitting  process  which  iterates  over  the  image  several  times  before 
coming  up  with  the  final  set  of  clusters.  In  the  original  report  [6]  the  assump¬ 
tion  was  made  that  if  the  algorithm  was  allowed  to  iterate  enough  times  then 
it  would  converge  to  a  stable  set  of  clusters. 


>''The  meaning  of  close  depends  on  the  data  and  the  values  of  the 
pa  rameters. 
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However,  use  of  the  algorithm  on  radar  images  of  aircraft  targets 
showed  that  the  algorithm  did  not  converge  to  a  stable  set  of  clustersi  To 
improve  the  convergence  properties  of  the  algorithm,  when  used  with  radar 
images,  considerable  extensions  were  made  during  this  study  in  such  areas 
as  finding  optimal  clusters  of  a  2-dimensional  radar  image  and  criteria  for 
convergence  of  the  clustering  algorithm.  In  particular  a  criterion  was  intro¬ 
duced  to  determine  when  the  merging  and  splitting  process  should  be  stopped 
and  a  new  set  of  criteria  was  introduced  to  control  which  clusters  should  be 
split  and  which  clusters  should  be  merged.  This  revised  version  of  ISODATA 
has  better  convergence  properties  when  used  on  radar  images  and  in  the 
majority  of  cases  tried  during  this  investigation  it  correctly  identified  the 
major  scattering  centers  on  the  target.  In  what  follows  there  Is  a  brief 
fiescrlption  of  the  criteria  introduced  to  control  the  merging  and  spl.itlng 
pros', ess  of  the  ISODATA  algorithm. 

•^e  criteria  were  derived  from  the  scatter  matrices  used  in  multiple 
discrlmlna'.'t  analysis.  For  each  cluster  the  coordinates  of  ths  cluster  center 
and  the  within* -luster  scatter  matrix  were  defined  as  follows 
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where  Xj^  and  yj^  are  the  coordinates  of  the  cu’ster  center  and 
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wh  ere: 
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A.  is  the  intensity  of  the  ith  pixel  in  the  kth  cluster  and  Nj^  is  ‘ne  total 
number  of  pixels  in  the  cluster. 

Using  the  above,  the  total  within  cluster  scatter  matrix  is  defined  by 
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and  the  between  clusters  scatter  matrix  given  by 


where  N  is  the  total  number  of  clusters  and  x  and  y  are  the  coordinates  of  the 
center  of  gravity  of  the  entire  data  set  defined  by  equations  similar  to  £>^ua- 
tions  (14)  and  (15).  Using  the  above  definitions  a  clustering  fidelity  criterion 
Is  Introduced  (see  also  [7])  based  on  the  ratio  of  between-  to  within-cluster 
scatter  measures  given  by 


J  «  tr(Sg)/tr(S^),  (25) 

where  tr(' )  indicates  the  tr”  ce  (sum  of  the  diagonal  elements)  of  a  matrix. 
Since, 


tr(Sjj)  +  tr(SYyr)  «  tr(S.p)  s  constant 


where  S.^  Is  the  total  scatter  matrix  of  the  data  the  fidelity  criterion  of 
Equation  (25)  can  be  modified  to 


(J+1) 


tr(S^) 


(26) 


This  criterion  was  used  to  control  the  merging  and  splitting  process  of  the 
ISODATA  algorithm  until  the  ratio  of  Equation  (26)  approached  a  predeter¬ 
mined  value.  Experimentation  with  aircraft  radar  images  showed  that  J  =  7 
gave  clusters  which  were  consistently  In  agreement  to  those  formed  by 
human  observers. 
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During  execution  of  the  algorithm  tr(S^)  was  continuously  updated 


using 
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where  N  is  the  number  of  clusters.  If  clusters  k^  and  k^  are  merged  the 
resulting  change  in  tr(Sw)  is  given  by 
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Using  the  above  equations  two  clusters  are  merged  if  their  centers 
are  closer  than  a  preset  distance  and  if  the  value  of 


tr(S„) 

"  T?1 


decreases  as  a  result  of  merging. 

The  criterion  for  splitting  clusters  was  based  on  the  RMS  extent  of 
the  cluster  and  on  a  prediction  of  the  value  of  the  ratio  in  Equation  (26). 

The  predicted  value  of  the  ratio  in  Equation  (26)  was  obtained  using  an 
estimate  of  the  change  in  tr(S^)  as  a  result  of  splitting  given  by 

Atr(S^)  =  -d^  .  Mqq  (k) 


where 
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RMS  ext :int 
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The  above  criteria  were  used  to  control  the  merging  and  splitting 
process  in  ISODATA.  The  process  stops  when 

tr(S„) 

-  j  +  i 

is  minimum. 

Examples  of  cluster  decomposition  of  aircraft  radar  images  are 
shown  in  Figure  14. 
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4.  0  A  SYNTACTIC  APPROACH  TO  VIEW  DETERMINATION 


It  was  anticipated  that  top  views  and  side  views  could  be  distinguished 
by  noting  the  prominent  presence  of  wlng-llkc  structures  on  a  top  view,  and 
of  a  tail-like  structure  on  profiles.  Furthermore,  the  presence  of  such 
structures  should  be  easily  determined  from  a  simple  graph  representation 
of  the' given  image,  as  follows: 

The  graph  would  consist  of  nodes  which  represent  clusters  of  "bright 
points"  in  the  image,  obtained  by  ISODATA  or  by  other  clustering  methods. 
Such  clusters  tend  to  represent  the  major  scattering  centers  on  the  target. 
Some  of  the  nodes  are  then  connected  by  "edges"  so  as  to  form  a  graph,  The 
graph  is  to  be  formed  in  such  a  way  that  a  good  prototypical  top  view  would 
have  two  edges  extending  in  opposite  directions  from  a  "main  stem",  forming 
a  tree-graph  in  the  shape  of  a  cross.  The  two  extending  edges,  supposedly 
representing  wings,  should  indicate  a  top  view,  Such  a  cross  structure  lends 
itself  to  a  simple  syntactic  representation. 

With  this  kind  of  approach  in  mind,  the  .images  were  processed, 
thresholded,  and  clustered,  and  a  graph  or  tree  was  formed. 

Two  distinct  sets  of  data  were  available  for  use:  RATSCAT  data, 
which  provided  a  systematic  set  of  top  views  and  side  views  from  known 
aspect  angles,  obtained  from  controlled  rotation  of  each  target  on  a  rotary 
platform,  and  NOSC  data,  which  p  ivlded  data  of  th*-.  target  in  actual  flight. 
The  RATSCAT  data  provided  image  arrays  with  less  detail  and  resolution 
than  the  NOSC  data,  and  also  appeared  to  be  of  poorer  quality  in  general, 

We  will  discuss  the  syntactic  view  determination  work  done  with  the 
RATSCAT  data,  and  then  with  the  NOSC  data,  noting  that  the  work  with  NOSC 
data  was  more  promising  and  therefore  was  developed  further. 

4,  1  SYNTACTIC  ANALYSIS  OF  RATSCAT  IMAGES 

For  the  RATSCAT  Images,  the  graph  tree  was  formed  by  using  the 
"minimal  spanning  tree"  for  the  given  nodes  or  clusters.  Some  alternative 
distance  measures  were  used  in  forming  the  (minimal  spanning)  trees,  and 
some  spurious  small  clusters  were  r'^moved  in  accordance  with  an  adaptive 
threshold  criterion. 
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These  graphs  or  trees  were  then  translated  into  strings,  in  a  manner  to 
be  described  later.  From  these  strings  of  the  top  views,  top  view  grammars 
were  constructed,  and  from  strings  of  profiles,  side  view  or  profile  grammars 
were  constructed.  These  grammars  are  then  syntactic  descriptions  of  their 
respective  views. 

A  minimal  spanning  tree  is  defined  as  follows  [see  Meisel  8]: 

A  spanning  tree  of  a  connected  graph  G  is  a  tree  in  G  which  contains 
every  node  of  G.  The  weight  of  a  tree  is  the  sum  of  the  weights  of  its  edges. 
(Typically,  the  weight  of  an  edge  is  its  lei  3th,  which  is  the  distance  between 
the  nodes  of  the  edge. ) 

A  minimal  spanning  tree  is  the  spanning  tree  of  minimal  weight. 

In  forming  the  minimal  spanning  trees,  two  alternative  weight  or 
distance  measures  were  used.  The  first  is  the  usual  Euclidean  distance 
metric 


d  +  (Ay)^ 

The  second  weight  Is  based  on  the  ratio  of  the  between-cluster  variance  to 
the  sum  of  the  within-cluster  variances  and  is  given  by 
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where  M  (k)  is  the  sum  of  the  intensities  of  the  nixels  in  the  kth  cluster, 
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d  is  the  square  of  the  distance  between  the  two  cluster  centers  and 
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are  the  characteristic  sizes  (orthogonal  variance  components)  of  the  jth 
cluster. 
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The  transformation  of  tree  to  string  was  designed  to  yield  a  symbol  D 
for  a  simplistic  "wing-like"  distribution  of  clusters,  as  illustrated  by 


C 
C 
D 
C 

string  (CCDC) 

The  other  two  symbols,  A  and  B,  arise  when  the  graph  has  an  edge 
to  only  one  side  or  the  other  of  the  "main"  vertical  path,  e.g.  , 


graph 


C 

A 

C 

C 

B 

C 


graph 


string  (CACCBC) 


The  C  represents  edges  or  segments  of  the  main  stem. 

In  an  attempt  to  use  the  presence  of  D,  and  even  the  presence  of  an 
ACB  or  BCA  which  somehow  "approximates"  a  D,  as  an  indication  of  "wings" 
as  seen  on  a  top  view,  the  first  target  (the  F-102)  was  studied  and  revealed 
higher  frequencies  of  D,  ACB,  and  BCA  in  the  side  views,  This  occurred 
even  after  some  editing  of  clusters  in  an  attempt  to  remove  spurious  clusters 
which  could  mislead  to  the  formation  cf  a  D  as  well  as  other  symbols.  We  do 
not  propose  to  use  the  mere  presence  of  D,  ACB,  or  BCA  since  the  intuitive 
inclination  is  not  supported  by  empirical  indications. 

In  general,  the  top  and  side  views  of  the  RATSCAT  targets,  as 
processed  to  date,  do  not  appear  clearly  distinguishable.  Therefore  we 
decided  to  try  simple  statistical  grammars  which  use  the  frequency  of 
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occurrence  of  each  symbol  in  each  position  to  distinguish  the  two  views,  and 
see  what  success  rate  can  be  obtained  with  these  grammars. 

The  transformation  of  tree  to  string  and  the  grammars  used  in  the 
classification  are 

Transformation  of  Tree  to  String; 

1 .  Select  the  vertically  highest  node 

2.  Subdivide  the  image  plane  into  three  angular  sectors,  as  shown 
below,  used  in  assigning  symbols  to  branches  of  the  tree  graphs 

3.  Translate  tree  into  string  by  making  the  following  assignments, 
shown  here  for  the  single  selected  node: 


4.  Select  vertically  lowest  non-leaf  direct  descendant  of  current 
node,  and  remov.’  this  old  current  node  and  related  vertices. 
If  no  such  descendants,  output  the  string  and  stop. 

5.  Go  to  3. 


>C  is  the  start  symbol,  and  the  nonterminal  symbol  Y.  is  a  position 
holder  for  the  i'th  position  in  the  string. 

means  that  the  symbol  A  occurs  in  position  I  with 
probability  P(A/i)  (for  the  given  view),  and  so  on.  The  grammars  differ 
only  in  these  probabilities,  which  are  readily  estimated  from  the  given  seti 
of  strings. 


A  preliminary  attempt  was  made  to  find  features  which  somewhat 
distinguish  the  top  and  side  views  for  each  target  separately,  1.  e.  ,  which 
occur  more  frequently  for  one  view  than  the  other  for  a  given  target,  and 
which  repeat  their  preference  in  the  several  targets. 


Each  "feature"  in  this  attempt  was  merely  the  presence  of  a  given 
symbol  in  a  specified  position  in  the  string  derived  from  the  image.  Only 
two  such  features  were  found,  and  their  bias  or  preference  was  deemed  to 
be  arbitrary, 


Another  suggested  distinction  between  top  and  side  views  was  that 
a  top  view  would  have  basically  one  region  of  extensions  from  the  main  "stem" 
representing  the  fuselage,  and  a  side  view  would  have  more  than  one  (two-- 
one  for  the  wings  and  one  for  the  tail). 
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This  feature  can  be  expressed  on  the  strings  In  terms  of  having  at 
least  two  non-C  symbols  separated  by  a  string  of  Cs  of  length  greater  than 
zero,  or  perhaps  greater  than  one.  Several  formal  variations  are  possible 
for  expressing  this  feature  in  terms  of  the  strings,  In  any  case,  a  quick 
study  revealed  this  feature  worked  well  for  the  F-102,  but  had  a  strong 
reversed  (negative)  correlation  for  the  F-5E  (the  fourth  target),  so  that  it 
is  not  a  consistent  view- correlated  feature. 

4.  1.  1  Tests  and  Results 

For  the  performance  tests  presented  below  the  formation  of  the  tree 
structure  was  subject  to  two  parameters  which  determined  the  threshold  for 
eliminating  spurious  clusters  and  selected  the  distance  measure  used  in 
forming  the  minimal  spanning  tree.  In  the  tables  summarizing  the  results 
these  two  parameters  are  labeled  FACTOR  and  IFUNC,  The  value  of  the 
parameter  FACTOR  is  the  percent  of  the  average  cluster  Intensity  averaged 
over  all  the  clusters  and  is  used  as  the  threshold  for  eliminating  clusters. 

The  value  of  the  parameter  IFUNC  indicates  the  branch  weight  connecting 
two  clusters  whichis  used  in  the  formation  of  the  minimal  spanning  tree: 

IFUNC  =  1  corresponds  to  the  euclidean  distance  weight  between  the  centers 
of  the  two  clusters,  while  IFUNC  *  2  corresponds  to  the  weight  based  on  the 
ratio  of  the  between-cluster  variance  to  the  sum  of  the  wlthin-cluster  variances 
for  the  two  clusters, 

For  a  given  combination  of  the  above  two  parameters  the  Images  were 
clustered  and  transformed  into  tree  structures.  The  tree  structures  were 
then  converted  into  strings  of  symbols  as  described  above.  By  observing  the 
resulting  strings  rules  were  derived  to  distinguish  top  and  side  view  images. 

As  described  earlier  these  rules  were  based  on  the  occurrence  ind  position 
of  the  various  symbols  in  the  strings.  The  set  of  rules  together  with  a  set 
of  probabilities  to  be  applied  to  each  view  comprised  the  stochastic 
grammar  used  for  the  syntactic  recognition  of  top  and  side  view  Images. 
Stochastic  top  view  and  side  view  grammars,  named  GRAM  1,  GRAM  2,  ... 
GRAM  6  were  derived  from  data  obtained  from  3  different  choices  of  values 
for  these  parameters.  The  parameter  values,  view,  and  each  grammar  are 
related  as  indicated  in  Table  2. 
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TABLE  2.  RELATION  OF  PARAMETER  VALUES, 
TARGET  VIEW,  AND  GRAMM  \R  NAME 


IFUNC  a  1 

IFUNC.  -  2 

IFUNC  »  2 

FACTOR  =  50 

FACTOR.  =  0 

FACTOR  =  50 

Top  View 

GRAM  1 

GRAM  3 

GRAM  5 

Side  View 

GRAM  2 

GRAM  4 

GRAM  6 

In  addition,  two  non- stochastic  grammarp.  \v?r<"  formed! 

CRAM  7  -determines  presence  of  a  D,  and 

GRAM  8  -determines  presence  of  two  regions  <tf  A  or  B  or  D 
separated  by  at  least  2  C-’. 

The  stochastic  grammars  GRAM  1  through  GRAM  6  were  tested  on  the 
data  from  which  they  were  formed.  The  non-stochastlc  grammars  GRAM  7 
and  GRAM  8  were  not  formed  from  any  dtftf',  and  were  tested  on  the  strings 
produced  with  IFUNC  »  2  and  FACTOR  *  50. 

Given  a  string  and  a  grammar  (GRAM),  the  computer  algorithm 
determines  whether  the  string  can  be  In  the  grammar  at  all  (1.  e.  ,  parses  the 
string)  and  If  so,  computes  a  value  which  ordinarily  represents  the  probabil¬ 
ity  of  the  most  probable  derivation,  but  which  can  be  used  as  a  "measure  of 
membership"  In  the  set  represented  by  the  grammar.  The  view  of  a  given 
string  Is  determined  ty  selecting  the  grammar  for  which  the  above  described 
mer  are  Is  higher. 

Three  such  tests  were  perfe  ;  "d,  one  us  In"  GRAM  1  and  CRAM  ii 
with  the  data  from  which  they  were  ('ermed,  the  second  using  GRAM  3  and 
GRAM  4,  and  the  third  with  GRAM  5  and  GRAM  6. 

Finally,  measures  were  obtained  for  membership  In  the  sets  repre¬ 
sented  by  GRAM  7  and  GRAM  8  for  strings  produced  with  IF'UNC  =  2, 

FACTOR  =  50.  All  the  above  teste  were  performed  on  strings  obtained  from 
the  first  four  RATSCAT  targets  F-  102,  F-  15,  F-  16,  and  F-5E  using  six  tail 
aspect  and  six  nose  aspect  Images  per  target  for  the  top  view's,  and  12  nose 
and  12  tall  for  the  profiles. 
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The  results  were 


FOR  GRAM  1  AND  GRAM  2 


Actual 

Determined  view 

Top  Side 

Top  36  12 

v*le  w 

Side  23  73 

0\*erall  a  75.  5  percent  correct 

FOR  GRAM  3  AND  GRAM  4 


FOR  GRAM  5  AND  GRAM  6 


As  for  the  two  nonstochastic  grammars  GRAM  7  and  GRAM  8  men¬ 
tioned  earlier,  no  significant  correlation  with  or  Implication  regarding  target 


view  was  noticed  for  either  grammar  Individually,  or  in  combination. 


4.  2  SYNTACTIC  ANALYSIS  OF  NOSC  DATA 


Since  a  syntactic  description  typically  Intends  to  describe  "structure,'' 
specifically  apacial  structure,  imaget  which  had  no  discernible  ("humanly 
recognizable")  structure  were  not  used.  Furthermore,  since  the  NOSC  data 
are  real  flight  data,  each  image  is  not  strictly  a  pure  top  view  or  side  vlev/, 

BO  that  the  view  (as  either  a  top  or  side  view)  of  many  images  could  not  be 
determined  by  any  means.  Some  good  images  were  obtained  which  seemed 
amenable  to  syntactic  analysis,  and  only  these  selected  images  were  used. 

The  approach  used  for  the  RATSCAT  data  served  as  a  starting  point; 
modifications  to  the  graph  forming  algorithm  were  developed  to  make  top 
views  conform,  as  much  as  possible,  to  a  generic  graph  such  as  the  one  in 
Figure  15,  without  unduly  forcing  the  side  views  to  conform  to  the  top- view 
model  graph. 


FIgura  16.  Ideal  top-vlaw  graph. 

The  graph  forming  is  based  on  the  minimal  spanning  tree  algorithm, 
and  the  primary  modifications  involve  incorporation  of  cluster  orientation 
into  tile  distance  measure  used  in  that  algorithm.  Furthermore,  this  version 
of  the  minimal  spanning  tree  algorithm  was  made  applicable  to  portions  of 
the  tree,  leaving  previously  formed  portiont  intact. 
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The  result  oi  applying  this  modified  algorithm,  as  compared  with 
forming  a  simple  minimal  spanning  tree,  is  illustrated  in  Figure  16,  using 
top  views  of  a  DC- 10  and  a  7  27.  Graphs  formed  by  this  algorithm  are  also 
illustrated  in  Figure  17. 


Figure  16.  Rciulti  of  pure  mlnimil  spanning  tree  algorithm  (i  jft)  and  final  modified  algorithm  (right). 


The  purpose  of  Including  orientation  If.  to  force  the  tree  to  connect 
nodes  In  stralghter  lines.  For  example,  assuming  the  orientation  of  the 
plane  Is  known  (from  the  flight  trajectory),  emphasizing  this  orientation  In 
the  distance  measure  tends  to  connect  the  clusters  along  the  fuselage  In 
the  resulting  tree. 

Clusters  presumably  representing  wings  were  determined  by  selecting 
two  "wlng-tlp"  nodes  ~  1.  e. ,  the  nodes  of  greatest  distance  from  the  presumed 
fuselage,  one  on  each  side  of  the  fuselage,  finding  the  path  (in  the  tree  graph) 
from  each  of  these  to  the  fuselage,  determining  the  "orientation"  of  each 
wing  by  computing  a  line  of  least  squares  fit  for  each  wing,  and  using  the 
orientation  of  this  line  in  reforming  the  section  of  the  graph  tree  represent¬ 
ing  the  respective  wing.  This  process  results  in  connecting  the  clusters  in 
a  straight  or  smoother  line  along  each  wing. 


It.,..  ^11 
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b.  727 

Figurt  17.  Graphi  formad  from  top  viawt  (top)  and  lidt  vlawi  (bottom). 
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i 

c.  707 

Figure  17.  Grephi  formed  from  top  views  (top)  end  ikle  views  (bottom). 

As  with  the  RATSCAT  data,  the  same  idea  of  using  protrusions  to 
either  or  both  sides  of  a  main  path  is  used  in  translating  the  graph  to  a 
string.  However,  the  description  of  these  protrusions  (particularly  in 
regard  to  which  side  of  the  main  path  the  protrusion  extends)  has  been 
refined  to  accommodate  cases  where  nodes  on  the  main  path  do  not  line 
up  in  a  sufficiently  straight  line. 

For  these  data,  simply  using  the  presence  of  a  D  (1.  e.  ,  symbol 
representing  a  "cross,  "  or  a  protrusion  extending  to  both  sides  of  the  main 
path)  to  Indicate  a  top  view  yielded  89  percent  success  (for  the  selected 
NOSC  images). 

The  successes  and  failures  for  each  of  the  three  targets  are  given  in 
Table  3, 
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5.  0  AIRCRAFT  VIEW  DETERMINATION  BY 
MATCHING  WITH  "COMMON  REGIONS" 

In  proposing  a  syntactic  approach  to  view  determination,  it  was 
suggested  that  the  grammars  for  each  view  could  be  constructed  byusing  recur¬ 
ring  substructures  -  i.e.  ,  parts  of  the  images  which  tend  to  recur  in  one  view 
or  the  other.  In  this  section  such  recurring  regions  of  the  images  are  used. 
However,  the  most  successful  "grammar"  constructed  with  these  is  trivial  with 
respect  to  grammatical  structure,  and  the  method  presented  here  is  more 
simply  described  without  references  to  any  grammatical  constructs. 

The  test  results  for  the  method  proposed  here  indicate  that  approximately 
90  percent  success  can  be  achieved  with  some  confidence. 

5.  1  ALGORITHM  DESCRIPTION  AND  RESULTS 

5.  1.  1  The  Basic  Procedure 

1.  Hard  Limit  each  image  from  continuous  grey  level  to  ±1  (+1  if 
intensity  is  larger  than  the  threshold  and  -1  if  it  is  less). 

2.  "Smooth"  the  image  (i.  e.  ,  pass  through  a  low  pass  filter). 

3.  Form  a  composite  image  for  each  group  of  similar  targets  using 
images  over  several  aspect  angles  for  each  view, 

4.  Compute  similarity  measure  between  each  composite  and  each 
image. 

5.  Normalize  each  similarity  measure  to  a  given  composite  by  the 
maximum  measure  obtained  for  that  composite  in  the  training  set. 

6.  Determine  target  view  in  testing  set  according  to  a  "nearest 
neighbor"  criteria  (i.  e.  ,  assign  the  target  view  of  the  most 
similar  composite). 

5.  1.  2,  Forming  the  Composite  Image 

A  composite  image  of  a  set  of  images  is  formed  by  arithmetic  addition 
of  the  images,  followed  by  some  hard  limiting  on  the  absolute  values.  For 
example,  for  two  image  arrays  A  and  B  normalized  so  that 

-1  <  A(i,  j)  <  1 
and  - 1  2  B(i,  j)  £  1 
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a  composite  C  is  formed  by 


D(i.j)  =  A(i,  j)  +  B(i,  j') 

where:  U ^  ^  step  function  defined  by 

1  for  X  £  T 

Ut(x)  = 

lO  otherwise 

for  some  selected  threshold  T.  The  hard  limiting  recovers  an  image  more 
similar  in  type  to  the  images  from  which  the  composite  was  formed  as  shown 
in  the  example  below: 

Example : 


1 

1 

1 

-1  -1 

1  1  -1 

1st  image 

1 

1  -1 

1  -1  - 

1  1  1 

2nd  image 

1 

1  -1 

-1  -1  - 

1  1  -1 

3rd  image 

3 

3  -1 

-1  -3  - 

1  3  -1 

Sum 

1 

1 

0 

0  -1 

0  1  0 

Composite 

This  comonsite  was  formed  by  na  rr)  limiting  the  absolute  values  of  the  sum 
array,  using  a  threshold  of  3. 

In  this  simple  binary  case,  the  composite  represents  the  "points"  or 
"positions"  which  are  in  agreement  or  in  common  to  the  three  images;  It  is 
simply  an  "intersection"  or  "common  region"  of  the  three  images. 

By  varying  the  threshold,  different  composites  can  be  obtained.  For  a 
threshold  £1,  the  composite  represents  a  type  of  hard  limited  "average"  iniage 

A  composite  of  top  views  of  the  F-102,  F-15,  F-16  and  F-5E  for  tail 
aspects,  and  a  composite  of  side  views  of  the  same  targets  are  illustrated  in 
Figure  18.  These  composites  were  formed  using  a  generalized  form  of  hard 
limiting,  as  discussed  below'. 
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PLAN  VIEW  PROFILE  VIEW 

Figure  ia  CompoiitM  for  tail  aipeett  from  images  of  F-102,  F-15,  F-16  and  F-5E  aircraft. 

5.  1.  3  Generalized  Hard  Limiting 

The  images  from  which  the  composites  are  formed  can  be  binary  (±1), 
but  if  any  significant  smoothing  is  done,  they  also  have  a  variety  of  grey 
levels  between  -1  and  1.  Therefore  the  hard  limiting  is  generalized  to 
recover  an  image  of  this  type. 

The  generalized  hard  limiting  is  based  on  a  powered  sine  function, 
as  illustrated  in  Figure  19: 

Let  P(x)  =  [sin'^Ox-T)  2!^]  +  1]/2  for  0  <  x  <  2T. 

As  c  approaches  0,  this  function  approaches  hard  limiting  (i.  e.  ,  a  step 
function).  The  generalized  hard  limiting  on  the  absolute  values  in  an  array 
j)  is  given  by 

A(i,j) 


Figure  19.  Generalized  hard*limiting  function.  (C>1  is  illustrated. 
As  C  approoches  O,  this  function  as  computed  in  the 
program  RECOV  approaches  hard-limitting;  At  C 
incraaiet,  a  linear  function  it  approached.) 
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5.  1.  4  The  Similarity  Measure 

The  basic  measure  of  similarity  between  images  is  the  "size"  or 
extent  of  their  "intersection"  or  common  region.  Specifically,  it  is  the  sum 
of  the  absolute  values  in  their  composite. 

If  we  define  the  generalized  hard  limiting  function  G  by 

G(x)  =  -j—Pdxl) 

(where  P  is  as  defined  previously),  then  the  similarity  between  two  image 
arrays  A  and  B  is  given  by 

^  lC(i,j)| 
all  i,  j 


where: 

C(i,j)  =  G(A(i,  j)  +  B(i,j)). 

However,  the  similarity  measures  computed  in  the  basic  procedure, 
between  an  image  and  a  composite,  are  normalized  by  the  "size"  of  the 
composite,  where  the  "size"  of  an  image  A(i,  j)  is  given  by 

^  |A(i,j)l 
all  i,  j 

Therefore  the  similarity  between  an  image  B  and  a  composite  A  was 
computed  as 


yic(i.j)i 


y 


lA(i,  j)| 


whe  re : 


C(i,j)  =  G(A(i,  j)  +  B(i,j)) 
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To  compensate  for  a  possible  bias  toward  one  view  or  another,  a 
bias  factor  F  is  introduced,  and  each  similarity  computed  between  an  image 
and  a  top-view  composite  is  then  multiplied  by  F,  and  the  product  is  presented 
as  the  adjusted  similarity  value.  Thus  F  >  1  favors  a  determination  of  top 
view,  F  <  1  favors  a  side  view  determination,  and  F  =  1  is  neutral. 


Adjusted  similarity  = 


similarity  F  if  a  top  view  composite  was 
involved 


similarity 


otherwise 


The  bias  factor  F  is  determined  by  actually  executing  the  view  determination 
on  the  training  set  and  estimating  the  app^arent  bias  toward  one  view  or  the 
other. 


5.  1.  5  Training  and  Testing 

The  preprocessed  images  are  divided  into  two  groups,  according  to 
aspect  angle;  the  first  group  with  aspect  angles 


180°,  174°,  21°,  and  15°,  and  the  second  with 
177°,  171°.  18°,  and  12°. 


The  images  in  the  first  group  are  used  for  training,  and  those  in  the 
second  group  are  used  for  testing,  as  followst 

For  each  view  and  aspect  angle,  a  composite  of  all  four  targets  at  that 
view  and  angle  is  formed  from  images  in  the  training  set.  Training,  in  our 
case,  consists  primarily  of  foiming  these  composites.  The  view  determina¬ 
tion  procedure  can  now  be  executed  using  these  composites.  Before  executing 
the  procedure  on  images  in  the  testing  set,  the  algorithm  is  applied  to 
images  in  the  training  set.  This  test  is  used  to  indicate  any  adjustments 
(e.  g.  ,  in  the  bias  factor  F).  Then  the  (adjusted)  procedure  is  tested  on  the 
images  in  the  testing  set. 

The  results  obtained  with  this  view  deter minaticn  procedure  for  the 
F-102,  F-15,  F-16  and  F-5E  are  sum.marized  in  Table  4. 


TABLE  4.  DETERMINED  VIEW 


Top  j 

Side 

Actual  View 

Top 

14 

2 

Side 

1 

15 

Overall  correct  =  91  percent 


6.  0  THE  STRUCTURAL  APPROACH  TO  VIEW  DETERMINATION 


The  determination  of  target  shape  us'ing  structural  techniques  requires 
that  the  image  be  decomposed  into  a  number  of  parts  or  segments  called 
atoms.  These  atoms  can  be  sections  of  the  contour  of  the  figure  or  regions 
of  bright  scatterers  called  clusters  or  parts  of  the  skeleton  of  the  image. 

A  set  of  intrinsic  labels  that  represent  features  measured  directly  on  the 
atoms  is  associated  with  each  atom.  For  example  when  the  picture  atoms 
consist  of  regions  of  bright  scatterers  (clusters)  such  intrinsic  labels  would 
be  the  length,  shape,  area  (size),  orientation,  brightness,  variance  of 
brightness,  and  coordinates  in  the  image  plane.  In  addition  to  these  intrinsic 
labels,  a  set  of  external  labels  such  as  the  relative  position  of  each  atom 
with  respect  to  the  other  atoms  in  the  image  is  also  used. 

The  interpretation  problem  is  to  assign  a  set  of  identifiers,  such  as 
wing,  engine,  tail,  fuselage,  etc.  to  groups  of  atoms.  Since  the  relative 
positions  of  these  major  aircraft  components  are  known  a  priori,  the  inter¬ 
pretation  problem  is  reduced  to  a  search  for  a  mapping  from  the  measured 
set  of  atoms  to  the  set  of  identifiers,  which  is  consistent  with  the  external 
labels.  For  example,  if  one  atom  is  labeled  tail,  then  none  of  the  atoms  to 
the  rear  of  it  could  be  labeled  wing. 

The  formulation  used  is  very  similar  )  what  a  human  would  use. 

The  algorithm  picks  out  an  easily  distinguishable  feature  of  the  image  such 
as  the  fuselage  clusters  and  then  infers  the  labels  of  the  remaining  clusters 
(atoms).  This  is  done  by  labeling  the  remaining  clusters  according  to  their 
positions  with  respect  to  the  fuselage. 

The  structural  approach  works  very  well  with  "good"  images;  good 
images  being  those  which  are  readily  interpreted  by  human  observers.  Images 
which  are  not  well  formed,  due  to  either  blurring  or  cross  range  aliasing  or 
insufficient  target  rotational  motion  during  image  formation,  are  not  inter¬ 
preted  successfully  by  the  algorithm  as  developed  at  present.  How’ever, 
images  which  are  half  way  between  top  and  side  view  are  handled  consistently 
and  interpreted  as  ambiguous. 

The  algorithm  coded  for  this  project  works  w’ell  on  images  of  large 
swept  wing  aircraft  uch  as  airliners.  The  extension  to  small  delta  wing 


fighters  was  not  attempted  because  the  amount  of  quality  data  for  that  class  of 
target  did  not  warrant  the  additional  effort.  Images  of  a  DC-10,  a  727,  and  a707 
from  the  NOSC  radar  were  used  to  test  the  classifier.  There  were  54  images, 

37  top  views  and  17  side  views.  The  classifier  gave  the  correct  decision  in 
53  out  of  54  cases;  one  aide  viev,'  of  a  DC-10  was  classified  as  ambiguous. 

6.  1  ATOMS 

The  atoms  mentioned  above  are  the  lowest  level  of  information  about 
the  image  used  by  the  classifier.  Individual  pixels  could  be  used  as  atoms 
but  this  would  make  the  problem  Intractable.  The  atoms  used  in  the  present 
algorithm  are  the  clusters  of  Section  3.  These  clusters  provide  non-overlapping 
regions  of  the  image  which  can  be  used  to  determine  the  structure  of  the 
image  itself. 

The  cluster  properties  which  were  used  are 

1.  (x,  y),  the  center  of  the  cluster 

2.  ( 8X,  sy),  the  major  and  minor  axes  of  the  clusters 

3.  theta,  the  orientation  of  the  cluster's  major  axis 

4.  npnts,  the  number  of  points  from  the  image  in  the  cluster 

5.  hIqqi  average  intensity  of  the  points  in  the  cluster  f 

There  was  one  very  Important  assumption  made  about  the  clusters: 
no  two  sections  of  the  original  image  corresponding  to  different  parts  of  the 
aircraft  are  contained  in  the  same  cluster.  This  means  that  the  classifier 
does  not  have  to  deal  with  the  possibility  that  the  same  atom  may  belong  to 
different  parts  of  the  aircraft  and  therefore  may  have  conflicting  labels. 

Also  considered  as  atoms  w'eie  overlapping  clusters  formed  using 
the  method  of  [9].  Four  examples  of  these  atoms  are  shown  in  Figure  20'  -d. 

One  of  the  drawbacks  of  this  cluster  decomposition,  however,  is  the  require¬ 
ment  of  a  good  contour,  which  is  difficult  to  obtain  from  radar  images.  Some 
promising  results  for  that  problem  were  achieved  using  a  method  based  on 
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«.  Topvltw. 


b.  Top  view 


c.  side  view. 


d.  Side  view. 


Figure  20.  Exemplet  of  graph  theoretic  eluitering  on  the  IF-5E)  image  contour. 
Ellipiei  are  fitted  to  legmenti  of  the  co  ntour. 


the  shape  hull  of  a  set  of  points  but  this  was  too  sen8itiv->  to  the  image 
threshold.  ISODATA  the  method  outlined  in  Section  3,0,  however  can  be 
made  relatively  insensitive  to  the  threshold. 


The  shape  hull  of  a  set  of  points  is  the  boundary  curve  obtained  from  the 
intersection  of  all  convex  polygons  formed  by  circumscribing  the  k  nearest 
neighbors  of  every  point  with  the  smallest  possible  convex  polygon;  see 
also  [10]. 


Figure  21.  Modoli  o(  •  DC-10. 


The  main  features  which  the  classifier  uses  are  the  orientation  of  th 
wings  on  a  top  view,  and  the  height  of  the  tail  on  a  side  view.  Other  feature 
considered  are  the  position  of  the  wings  with  respect  to  the  nose,  the  sym¬ 
metry  of  "he  wings  about  the  fuselage,  and  the  lack  of  one  or  more  wings  on 
a  side  view, 

A  DC- 10  is  shown  in  Figure  22  somewhere  in  between  top  and  side 
view.  Figure  23  shows  a  radar  image  of  a  DC- 10  at  this  angle.  This  imag 
w’as  classified  as  ambiguous  by  the  classifier. 


Figure  22.  DC10  at  angle  lomewhere  between  tide  and  top  view. 


Figure  23.  Radar  image  of  a  DC-10  claiiified  at  ambiguous  by  the  elaulfier.  (The  ciatilfier  interpretation 
of  this  Image  corretpondt  roughly  to  Figure  22.) 
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6.  3  RULES  FOR  CLUSTER  LABELLING 

The  algorithm  coded  for  this  project  requires  a  very  rough  estimate 
of  target  aspect.  This  allows  initial  labeling  of  the  frontmosl  cluster,  which 
is  labelled  nose,  and  the  rearmost  cluster  which  is  labelled  tail.  The  aspect 
angle  estimate  can  be  obtained  by  a  combination  of  tracking  data  and  the 
moments  computed  for  the  entire  image  using  the  formula: 

tan  (2-ei  =  - 2=:=|Ji  j  j /{ p  20  '  *^02' 


as  described  in  Section  2. 


6.  3.  1  Fuselage  Formation 

The  fuselage  is  determined  by  finding  a  set  of  clusters,  which,  when 
connected,  form  a  relatively  straight  path  from  the  nose  to  the  tail.  The 
path  is  found  by  tracing  a  path  from  the  nose  to  the  tail  along  an  optimized 
minimal  spanning  tree,  The  optimized  tree  is  formed  as  follows: 


1.  Compute  the  minimal  spanning  tree. 

2,  Find  the  path  from  the  nose  to  the  tail  along  the  tree. 

3,  Compute  the  slope  of  the  least  squares  line  through  the 
above  path,  and  let  u  be  the  unit  vector  in  that  direction. 

4.  Compute  the  minimal  spanning  tree  only  for  the  points  in 
the  original  path  but  with  a  distance  function  between 
point  i  and  i  given  by 


dist  =  sqrt((xi  -xj)>i”''2  +  (yi  -yj)*'“''2) 
+  1 . 5*|ux (xi  -xj,  yi  -yj)] 


(28) 


This  makes  the  branches  of  tlie  tree  tend  towards  the  direction  of  the  least 
squares  line.  The  fuselage  is  then  traced  along  the  resulting  tree.  An 
example  of  an  optimized  path  is  shown  in  Figure  24. 


a.  Non'Optimiiad 


b.  Optimizad 


Figura  24.  Path  from  noia  to  tail  cluitan.  Dottad  linai  show  the  minimal  ipanning  tree. 


6.  3t  2  Wing  Location 

After  the  final  fuselage  is  obtained,  another  least  squares  line  is  fit 
to  it.  This  least  squares  line  is  given  in  point  slope  form  as: 


(y  -  y^^)  =  b(x  .  x^) 


(29) 


This  line  divides  the  plane  into  two  half  planes.  The  dlscrlminani 


d  =  b  •  (x  -  x^)  +  y^  .  y  (30) 

gives  positive  values  in  one  half  and  negative  in  the  other.  In  this  manner 
the  clusters  which  are  not  on  the  fuselage  are  divided  into  two  disjoint  sets. 
From  these  sets  the  wing  are  formed.  Before  the  wings  are  formed,  however, 
the  sets  are  pruned  according  to  the  following  set  of  rules: 

let  r  be  the  radius  of  gyration  =  v/'u,-  +  Pn,  (31) 

(see  also  Equation  (6))  ^ 

1.  if  the  distance  from  a  cluster  to  its  closest  neighbor 
Ts  >1.  5*r  then  delete  the  cluster  from  the  wing  set. 

2.  J^a  cluster  is  deleted  from  a  wing  set  then  it  is  attached 

to  the  nearest  fuselage  cluster. 


! 


After  the  sets  have  been  pruned,  then  the  wings  are  formed  in  the 
following  manner: 

1.  compute  a  minimal  spanning  tree  on  the  points  in  the  s^t. 

2.  trace  the  path  along  that  tree  from  the  base  of  the  wing  to 
the  tip. 

The  base  and  the  tip  of  the  wing  are  defined  as  follows: 

The  base  of  the  wing  is  the  cluster  closest  to  the  point  (Xc,  Yc) 
which  is  the  point  of  intersection  of  the  perpendicular  through 
the  center  of  the  wing  set  and  the  fuselage  line.  (See  Figure  25) 


Figure  26.  Example  of  locating  wing  cluiteri. 

The  tip  is  defined  to  be  that  cluster  in  the  set  which  is  furthest 
from  the  fuselage  line. 

The  wings  found  by  the  above  method  are  then  pruned  and  reformed  to 
ensure  that  all  spurious  clusters  have  been  removed. 

6.  3.  3  Unbound  Cluster  Labelling 

After  the  formation  of  the  fuselage  and  the  wings,  there  may  be  atoms 
which  have  not  been  given  any  label.  These  unbound  clusters  fall  into  two 
categoiies,  noise  clusters  and  clusters  which  belong  to  the  fuselage  and  wings. 
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The  algorithm  for  labeling  the  unbound  clusters  can  be  described  by 
the  following  four  steps: 

1.  Use  a  least  squares  straight  line  fit  through  the  fuselage  clusters 
of  the  form 


(y  -  y^)  =  a*  (x  -  x^) 


2.  For  every  unbound  cluster  with  cluster  center  coordinates 
(xc»  Yc)  compute  the  linear  discriminant  functions 

d  =  a(x  -  X  )  -  (y  -  y  ) 

C  O  ^  C  o 


and  depending  on  the  sign  of  d  assign  the  cluster  to  either  the 
left  or  the  right  wing. 

3.  Project  the  cluster  center  onto  the  fuselage.  If  the  projections 
do  not  lie  between  the  nose  and  the  tail  the  cluster  is  left 
unbound,  otherwise  proceed  to  the  next  step. 

4.  Compute  the  distance  d^f_.  from  the  center  of  the  cluster  under 
consideration  to  the  centroid  of  all  the  wing  clusters.  Also 
compute  its  distance  df  to  the  fuselage  line.  If  dw  <  df,  assign 
the  cluster  to  the  wing;  else  if  df  <  0.25  x  (distance  from  nose 
to  tail),  assign  the  cluster  to  the  fuselage;  otherwise,  the 
cluster  remains  unbound. 

6.  3.  4  Engine  Detection 

One  of  the  significant  features  of  aircraft  radar  images  is  the  number 
and  location  of  the  engines.  During  this  project  an  algorithm  was  developed 
which  identified  certain  clusters  as  engine  clusters  even  though  this  informa¬ 
tion  was  not  used  in  the  determination  of  target  view.  Furthermore  the  only 
engine  detection  attempt  that  was  made  was  to  find  engines  on  the  wings 
using  only  the  relative  position  of  engine  clusters  with  respect  to  the  wing 
and  fuselage  clusters.  The  present  algorithm  can  be  improved  by  including 
such  Internal  cluster  characteristics  as  density,  brightness,  texture  and 
orientations.  However  even  without  these  more  sophisticated  detection  cri¬ 
teria  the  present  algorithm  successfully  identified  some  of  the  engines  on 
images  of  a  DC- 10  and  a  707,  examples  of  which  are  shown  in  Figure  26, 
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b.  707 


Figure  26.  Reiulti  of  libelling.  (Betide  each  Image  it  the  line  drawing 
derived  from  the  labels  aiiigned.  Stan  mark  the  poiltloni 
of  clutteri  dMignatad  at  anginei.) 

6.4  DECISION  ALGORITHM 

Once  the  clusters  have  been  labelled,  classification  as  a  top  or  side 
view  Is  a  matter  of  choosing  the  right  features  based  on  geometric  relations 
among  the  aircraft  parts  and  deciding  according  to  these.  Five  features  were 
used  to  make  the  classification. 

6.  4.  1  Wing  Orientation 

The  orientation  of  each  of  the  wings  with  respect  to  the  fuselage  was 
measured  by  representing  each  part  by  a  vector  as  in  Figure  27  and  computing, 

0  =cos  ^(T-w/dfl  I  w|)  (32) 
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Figure  27.  Wing  and  fuselage  shown  as 
vectors  in  a  plane. 

Using  the  angle  0  for  the  left  and  right  wings  a  parameter  N^.  was  computed 
by  counting  the  number  of  wings  w'ith  proper  orientation  where  proper  orien 
tation  was  defined  to  be  such  that  tt/9  <G  <  tt/Z. 

6.4.2  Angle  of  Symmetry 

The  angle  of  symmetry  of  the  wings  about  the  fuselage  was  also  com 
puted  by  dravn  ing  a  vector  between  the  centers  of  the  two  wings  as  shown  in 
Figure  28  and  compUiirig  the  angle 


Figure  28.  The  angle  between  the  line  between 
the  wings  and  the  fuselage  was  also 
used  as  a  feature. 
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s  =  90  -  (180/TT)=:=e 


( 


which  ranges  between  -90  and  90,  0  being  perfect  symmetry. 

6.4.3  Balance  Factor 

The  balance  of  the  wings  about  the  center  of  the  fuselage  was  also 
used  as  a  feature.  Two  distances  dl  and  d2  were  computed  as  shown  in 
Figure  29  and  the  balance  factor  b  defined  by 

b  =  2>:=(l/2  -  dl./d2)  ( 

was  computed.  This  factor  ranges  from  - 1  to  1 ,  0  being  perfect  balance. 


Yr) 


\  TAIL 


Figure  29.  DiitarKes  meaiured  to  compute 
the  balance  factor. 


6.  4.  4  Boolean  Features 

Two  binary  features,  w  and  t,  describing  the  wings  and  tail  were 
computed  as  follows; 

ii  either  of  the  wings  is  missing  then  w  =  true 
els  e  w  =  fals  e 

if  the  tail  extends  further  from  the  fuselage  than  both 
wings  then  t  =  true 
els e  t  =  false 


6.4,5  Classification  Rule 


After  the  above  features  are  computed  the  following  rules  are  used  to 
classify  each  image  as  a  top,  a  side,  or  an  ambiguous  view. 

if  w  is  true  then  SIDE 

else  if  Nvv  =  2  and  not  t  then  TOP 

else  if  N^.  =  2  then  AMBIGUOUS 

else  if  I  SI  <  30  and  not  t  and  N...  >  0  then  TOP 

else  if  I  si  <  10  and  N,^.  >  0  and  |b|  >1/4  then  TOP 

else  SIDE 

6.  5  SUMMARY  OF  CLASSIFICATION  RESULTS 

The  program  for  this  method  was  tested  on  54  of  the  images  obtained 
from  the  NOSC  radar,  broken  down  as  follows: 

DC- 10  top  views  10  images 
DC-10  side  views  9  images 
727  top  views  15  images 
727  side  views  3  images 
707  top  views  12  images 
707  side  views  6  images 

These  "good"  images  were  chosen  from  the  data  available  because  they  v/ere 
such  that  a  human  observer  might  be  able  to  identify  them.  The  structural 
approach  does  not  do  well  on  other  images  because  it  is  based  on  human  like 
classification  rules. 

All  of  the  37  top  views  were  Identified  by  the  classifier.  Of  the 
17  side  views,  only  one  was  declared  ambiguous  (see  Figure  33). 

Figures  30  through  37  show  some  examples  of  cluster  labeling  of  the 
ISODATA  clusters,  using  the  methods  described  above.  These  figures  show 
that  although  considerable  success  has  been  achieved  vith  the  above  methods 
there  is  still  a  need  to  refine  and  improve  the  techniques. 
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Fiflure  30.  Suoctufui  labeling  of  DC-10  top  view. 
(Note  the  engine  detection  and  tail  formation). 
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Figure  31.  OC-10  tide  views. 
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Figure  34.  Results  of  labeling  707  top  views.  (Show  the  need  W  Improving  the  engine  detection  scheme.) 


7.  0  VIEW  DETERMINATION  USING  MOMENTS  -  A  STATISTICAL 
PATTERN  RECOGNITION  APPROACH 


Both  the  syntactic  and  structural  approach  to  view  determination 
discussed  above  were  based  on  recognizing  a  consistent  and  repetitive  pattern 
present  in  either  top  or  side  view  images  of  aircraft  targets.  In  a  statistical 
pattern  recognition  approach  a  set  of  numerical  features  is  computed  from 
the  image  and  used  to  form  a  feature  vector.  A  training  set  of  feature  vectors 
from  top  and  side  view  images  is  then  used  to  construct  a  statistical  classi¬ 
fier.  Using  cluster  decomposition  of  the  aircraft  radar  images  geometric 
moments  were  computed  by  considering  the  center  of  each  cluster  as  a  point 
with  mass  equal  to  the  total  cluster  intensity.  All  moments  with  orders  2  to 
6  (  a  total  of  25)  were  used  to  form  a  feature  vector.  Using  feature  vectors 
from  a  training  set  of  top  and  side  view  images  for  nose  and  tail  aspects  of 
the  five  RATSCAT  targets  (F-102,  F-15,  F-16,  F-SE  and  A-10)  a  Gaussian 
classifier  was  constructed  to  recognize  target  view.  The  performance  of 
the  classifier  on  the  RATSCAT  images  is  shown  in  Figure  36.  As  seen 
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Figure  36.  View  determinition  ufing  moments  computed  after  clutter  decomposition  of  radar  images  of 
the  five  RATSCAT  targets,  (F-102,  F-16,  F-16,  F-6E,  A-101  using  separate  training  and 
tatting  sett. 
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in  this  figure  a  78  percent  correct  view  determination  was  achie\'ed  for 
nose  aspects  and  85  percent  for  tail  aspects.  A  Gaussian  classifier  was 
also  used  to  classify  the  individual  targets  after  view  determinations  using 
moments  computed  after  cluster  decomposition  of  the  radar  images.  The 
resulting  classifications  performance  was  71  percent  correct  for  nose  aspects 
and  80  percent  correct  for  tail  aspects  for  images  classified  as  top  views. 

For  images  classified  as  profiles  by  the  automatic  classifier,  the  identification 
rate  was  57  percent  correct  and  60  percent  correct  for  nose  and  tail  aspects 
respectively.  These  classification  results  are  tabulated  on  a  per  target 
basis  in  Figure  37.  A  classification  test  was  also  performed  on  the  combined 
data  set  of  top  and  side  view  images  without  view  determinations.  Instead  the 
classification  was  performed  for  a  ten  class  problem:  I'- 102  top  and  side, 

F-15  top  and  side,  F-16  top  and  side,  F-5E  top  and  side,  and  A-10  top  and 
side.  The  results  shown  in  Figure  38  were  44  percent  correct  for  nose  aspects 
and  38  percent  correct  for  tail  aspects.  These  results  indicate  that  for  the 
RATSCAT  targets  considered  above  there  are  common  features  among  the 
top  views  of  all  the  targets  which  are  significantly  different  from  similar 
features  for  side  views.  A  classification  test  combined  with  view  determina¬ 
tion  was  also  performed  on  the  combined  data  set  of  RATSCAT  and  NOSC 
targets.  Because  the  aspects  for  many  of  the  NOSC  targets  were  broadside 
while  those  for  the  RATSCAT  targets  were  nose  or  tail,  an  aspect  independent 
feature  vector  (such  as  the  one  computed  from  the  invariant  moment  func¬ 
tions)  was  used  for  this  test.  AU  images  from  each  target  were  grouped  with¬ 
out  regard  to  aspect.  Further  because  the  number  of  images  from  the  NOSC 
data  was  too  small  to  allow  splitting  into  training  and  testing,  the  same  images 
were  used  for  both  training  and  testing.  All  targets  were  treated  equally  for 
this  test  by  using  the  same  RATSCAT  imager  for  training  and  testing  on  each 
target  and  by  combining  the  nose  and  tail  aspects  into  one  aspect  angle  sector. 
The  results  of  this  combined  nine  class  test  were  78  percent  correct  for  those 
images  classified  as  top  views  and  70  percent  correct  for  those  images  clas¬ 
sified  as  side  views.  These  results  are  shown  in  Figure  39, 
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Figure  37.  View  determination  followed  by  claieification  uting  momenti  computed  after  cluster 
deconpoiition  separate  training  and  testing  sets. 
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Figure  38.  Clauifications  of  a  combined  tat  of  top  and  tide  view  imagtt  uting  momantt 
after  clutter  dacompotition.  Data  ara  traatad  at  a  ten  clatt  problem  for 
thate  tattt  l.e.,  F-102  top  and  tide.  A-10  top,  and  tide. 
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Figure  39.  View  determination  followed  by  claitification  using  invariants  computed  after  cluster 

decomposition  (training  and  testing  are  the  ume,  nose  and  tail  aspect  images  are  mixed). 
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8.0  CONCLUSIONS 


Summarizing  the  results  j,  <ented  in  the  previous  sections,  it  can  be 
observed  that  in  general  view  determination  of  relatively  good  aircraft  radar 
images  is  possible  and  tends  to  improve  classification.  Since  this  investi¬ 
gation  was  primarily  concerned  with  algorithm  development,  the  work 
concentrated  on  relatively  'good'  images.  The  problem, however,  is  that  the 
maiority  of  radar  images  of  aircraft  targets  are  not  'good'  so  that  many  of 
the  techniques  discussed  here  may  either  fail  completely  or  have  their  per¬ 
formance  significantly  reduced. 

In  general  the  syntactic  and  structural  techniques  described  here  will 
most  likely  fail  completely  on  bad  images.  For  example  the  t/ntactic  scheme 
developed  here  gave  an  89  percent  correct  view  determination  for  good  images 
of  the  DC-10,  727  and  707  but  using  relatively  good  images  of  the  RATSCAT 
targets  the  technique  yielded  a  success  rate  which  was  only  25  percent  better 
than  random  guessing,  The  structural  scheme  which  attempts  to  interpret 
images  in  a  human  like  manner  is  also  very  sensitive  to  image  quality.  In 
principle  much  more  elaborate  rule  based  schemes  could  be  attempted  than 
the  one  described  in  Section  6.  0  to  interpret  bad  or  ambiguous  aircraft  radar 
images.  However,  since  ISAR  images  depend  on  target  motion  it  may  be 
more  advantageous  to  investigate  the  use  of  collateral  tracking  information 
for  aspect  and  possible  view  determination.  The  results  of  this  investigation 
also  show  that  statistical  pattern  recognition  schemes  using  moments  yield 
results  which  are  at  least  as  good  as  the  results  achieved  with  some  of  the 
more  elaborate  syntactic  and  structural  techniques  developed  during  this 
study.  Thus  it  seems  that  until  the  quality  of  aircraft  radar  images  improves 
considerably,  statistical  pattern  recognition  schemes  will  provide  the  most 
efficient  aircraft  radar  image  classification  algorithms. 
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APPENDIX 


SYNTACTIC  PATTERN  RECOGNITION 

Syntax  ref’  to  the  structure  of  sentences  in  a  language  as  described 
by  a  grammar.  In  grammar  can  be  defined  as  a  set  of  rules  for  construct¬ 
ing  (grammatically  correct)  senten  -es.  A  formal  grammar  is  defined 
similarly  as  a  finite  set  of  ruk  generating  the  sentences  of  the  associated 

language  (a  formal  )anf  a.:-?  ,s  simply  a  set  of  sentences). 

In  a  s_,  T.tajtic  .pproach  to  pattern  recognition,  an  analogy  is  made 
between  patterns  in  a  class  and  sentences  in  a  language.  By  analogy,  each 
pattern  in  a  givn  class  is  ';;enerated  by  a  "grammar"  associated  with  that 
class.  The  syntactic  pattern  recognition  task  is  then 

1.  To  find  the  grammar  from  a  set  of  patterns  known  to  be  in  the 
class 

2.  Given  an  unclassified  pattern,  check  if  it  can  be  constructed 
from  the  grammar.  If  so  it  is  in  the  associated  class. 

Fo.’mally,  a  formal  grammar  i^  defined  as  a  triple  (X,  N,  T,  P) 
where  N  and  T  are  mutually  exclusive,  finite  sets  rf  symbols.  The  symbols 
in  N  are  cal  ed  non-terminals,  and  those  in  T  are>,called  terminal'  symbols. 

X  is  a  symbol  in  N,  and  is  called  the  "initial  nonterminal,  "  or  the  "start 
symbol".  P  is  a  set  of  "production  rules",  which  are  essentially  pairs  of 
strings  composed  of  symbols  in  |T|  U  jNj.  Such  a  production  rule  is  denoted  cs 

X  - -  y 

where:  x  and  y  are  a  pair  of  strings. 

The  productions  are  interpreted  or  used  as  rules  for  generating  the 
strings  in  the  set  represented  by  the  given  grammar.  "Application"  of  a 
production  ro''  -i 


X— ►  y 

as  above,  to  an  arbitrary  string  Z  consists  of  finding  a  substring  of  Z  identical 
to  and  replacing  it  with  y.  This  foims  a  new  siring;  from  Z. 
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A  string  Z,  is  said  to  be  derived  in  one  step  from  another  string 
if  tiiere  is  a  production  x  -►  y  of  the  grammar  which,  w'hen  applied  to  Z^, 
results  in  Zj.  This  is  called  a  one  step  derivation  and  is  denoted  by 


1 


Z 

o 


1 


The  notion  of  a  derivation  is  then  extended  to  any  number  of  steps  by  stipulat¬ 
ing  that 


Z 


Z 


and  if  Z  s=>Z  \  and  Z^  Z'  then  Z  =5^Z  ,  where  Z,  z\  and  Z"  are 
strings  of  symbols  in  {T}  U  {N}. 

The  set  of  strings  generated  by  the  given  grammar  is  defined  as 
{ZjZ  is  a  string  of  symbols  in  T,  and  X  =^Z  where  n  is  any  non-negative 
integer  and  x  is  the  start  symbol.,} 

The  concept  of  a  grammar  can  be  extended  from  strings  to  more 
general  graph  structures,  tree  structures  for  example  as  described  in  [2], 
Also,  the  production  rules  can  be  generalized  to  "probabilistic"  productions, 
in  which  a  production 


X 


denotes  that  x  would  got  replaced  by  y  with  probability  p.  For  a  more 
detailed  presentation  of  probabilistic  grammars  and  syntactic  pattern 
recCi^nition  !?ee  [l],  [?.]. 

Given  a  string  and  a  grammar,  "parsing"  the  string  refers  to  finding 
its  derivation  from  the  start  symbol,  in  accordance  with  the  given  grammar. 

To  summarize,  syntactic  rttern  recognition  attempts  to  describe  each 
class  of  patterns  under  cone ideration  as  a  set  generated  by  the  same  grammar; 
An  unclassified  pattern  is  men  classified  in  the  class  or  set  corresponding  to 
the  grammar  in  which  the  given  pattern  can  be  parsed  successfully,  or  with 
the  greatest  probability  in  the  case  of  probabilistic  grammars. 
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